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Neurons of the vertebrate cranial sensory ganglia
arise from both neural crest and a series of ectoder-
mal thickenings termed neurogenic placodes. Recent
results lend insight into how these two populations of
cells coordinate their development, and subsequently
innervate their central target, the hindbrain.
Within the developing nervous system, cells with 
disparate origins must coordinate their migration, dif-
ferentiation and connectivity so that functional sub-
systems result. This level of integration is particularly
apparent in the vertebrate head, where the proper
development of cranial nerves is essential for the for-
mation of cephalic sensory systems such as vision,
smell, hearing, somatosensation and taste. While the
visual, auditory and olfactory systems, with compact
receptor cell arrays and innervation, have received
much attention [1–5], the sensory systems, with dis-
tributed receptor cell arrays that are innervated by
bipolar sensory ganglion neurons have been more dif-
ficult to study and little is known of the cellular mech-
anisms regulating their development. A recent paper
by Begbie and Graham [6] sheds light on how two
populations of sensory ganglion neurons coordinately
develop and innervate a single central target.
The sensory ganglia of the cranial nerves responsi-
ble for touch and gustation arise from two distinct
embryonic sources, the cranial neural crest and a
subset of neurogenic placodes (Figure 1). The neural
crest is a migratory embryonic cell population which
gives rise to a plethora of non-neuronal and neuronal
cell types, including melanocytes and some cranial
skeletal elements, as well as the peripheral glia and
proximally located sensory neurons of the trigeminal
(Vth), facial (VIIth), glossopharyngeal (IXth), and vagal
(Xth) cranial ganglia [7]. The neurogenic placodes, in
contrast, generate exclusively sensory neurons for
these same ganglia. In particular, the trigeminal pla-
codal region gives rise to portions of the trigeminal
ganglion, whereas what is recognized as a distinct
series of epibranchial placodes contributes neurons to
ganglia of the VIIth, IXth and Xth cranial nerves [8–10].
The epibranchial placodes are a series of cranial
ectodermal thickenings that form just above the devel-
oping pharyngeal clefts (Figure 2). The epithelial cells
within these placodes become columnar and mitoti-
cally active, and are thought to generate neuroblasts
or immature neurons which migrate dorsally and
medially to coalesce with neurons and glia arising
from a subset of the migratory neural crest [11,12]. In
amniotes, the VIIth, IXth and Xth cranial nerves each
have a proximal and a distal sensory ganglion; the
neurons of the distal ganglia are derived from epi-
branchial placodes, while the proximal domain is
neural crest in origin (Figure 1). The common notion is
that the distal, placodal cells are gustatory sensory
neurons that innervate taste buds, while the neural
crest derived neurons are thought to be responsible
for somatosensation in the mouth and pharynx.
Both neural crest and epibranchial placode derived
neurons are faced with a number of tasks, including
coordinating their development to form appropriate
ganglia, and sending out axons both peripherally to the
proper target regions and cells, and to their central
target nuclei within the hindbrain. How are these
processes regulated and integrated? One early idea
was that migrating neural crest cells actually induce
the formation of the epibranchial placodes. However,
when the neural crest is removed prior to its migration,
the placodes still form and generate neurons, showing
that at least the initial phases of epibranchial placode
formation and neurogenesis are independent of neural
crest [8].
Studies using more recently available molecular
markers for placodes, such as the transcription factors
Sox3 [13,14] and Ngn1 and Ngn2 (for review see
[15–17]), have confirmed these early findings: these
markers are expressed in presumptive placodal
domains well before neural crest migration has begun.
And a recent study in chick embryos has shown that
the pharyngeal endoderm underlying the presumptive
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Figure 1. Cranial nerve organization in a 12 day old chick
embryo, modified from D’Amico-Martel and Noden [9].
On the left is a low magnification schematic, of the ganglia and
major nerve branches of the Vth, VIIth, VIIIth, IXth and Xth cranial
nerves. On the right is an enlarged view of the area boxed in the
left drawing, highlighting the proximal and distal ganglia of the
VIIth, IXth and Xth nerves, as well as their embryonic origins
(blue, neural crest; orange, epibranchial placode). The proximal
portion to the VIIth nerve is small, consisting of a group of cells
in the root of this nerve (root VII), and is fused with the ganglion
of the VIIIth nerve [9]. The ganglion of the VIIIth nerve is derived
from the otic placode [22], and the trigeminal or Vth ganglion is
derived proximally from neural crest, and distally from several
small placodes [9]. (Neural tube, lavender; fb, forebrain; hb,
hindbrain.)
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placodal ectoderm, rather than the neural crest, pro-
vides signals that induce neurogenesis in isolated epi-
branchial ectoderm [18]. Together these data show that
placode induction and neurogenesis are likely driven by
sequential interactions with a number of embryonic
tissues including pharyngeal endoderm, but are not
regulated by contact with neural crest in these early
stages.
The paper by Begbie and Graham [6] addresses two
subsequent aspects of cranial nerve development from
the perspective of the role of neural crest. Specifically
the authors show that neural crest is essential for both
the migration of epibranchial placode-derived
neurons, and the targeting of the central axons of
these neurons to the hindbrain. The possibility that
these two embryonic cell populations interact during
these latter phases of development is reinforced by
their initial finding that the migratory streams of imma-
ture placodal neurons and neuroglial crest overlap
spatially and temporally. To test explicitly if this late
migrating, dorsal neural crest stream [19] directs pla-
codal neuron behavior, the hindbrain with accompa-
nying neural crest was ablated by microsurgery, when
the neural crest cells still sit dorsal to the neural tube
and have yet to migrate. In such embryos, the pla-
codes form and generate aggregates of neurons, as
expected; however, these cells fail to migrate medially
and dorsally from the placodal ectoderm as they do in
control embryos. Additionally, the axons of these distal
ganglia grow randomly, and appear to be lost in the
head mesenchyme.
Begbie and Graham [6] also produced a series of
embryos where only a small region of neural crest and
hindbrain was ablated, that of the fourth rhombomere
(r4). This segment of the hindbrain gives rise to the
second or hyoid neural crest stream, whose neurons
contribute to the VIIth cranial ganglion (Figure 2). In
these cases, only the development of the VIIth nerve is
disrupted; the VIIth placode forms and produces
neurons, which fail to migrate appropriately, and
whose axons do not target properly.
To ascertain whether these effects on placodal gan-
glion development are attributable to the neural crest,
and not due to the loss of the hindbrain and the motor
neurons developing therein, Begbie and Graham [6]
removed segments of the hindbrain, but only after the
neural crest had migrated away. The epibranchial pla-
codal neurons in these embryos undergo normal
migration and apparently normal gangliogenesis with
the now-present neural crest, and send out axons
directed dorsally and medially, toward the central
nervous system. However, despite growing toward the
proper target area, because the hindbrain has been
ablated, these axons now overgrow their normal tra-
jectory. These results together show that the neural
crest is essential for the normal migration of the epi-
branchial placodal portion of the cranial nerve ganglia,
and is also necessary for directing the early trajectory
of the axons of the placode derived neurons.
As with most experimental embryological results,
the findings of Begbie and Graham entice us to ask
many more questions. For example, these workers
also found that neural crest ablations disrupt trigemi-
nal and vestibuloacoustic (VIIIth nerve) ganglia devel-
opment, implying that neural crest regulation of
placodal gangliogenesis might be widespread among
the developing cranial nerves. Certainly there is some
evidence from work on the trigeminal ganglion that
this is the case [20,21]. Ablation of trigeminal crest
results in aberrant placodal neuron development.
Second, while the neural crest has a clear impact on
placodal development, is this interaction recipro-
cated? To what degree do neural crest-derived ganglia
rely upon signals from the epibranchial placodes for
their differentiation and central axon targeting? Third,
although this recent work [6] focuses on the central
projections of the epibranchial ganglia, these neurons
also have a large number of peripheral targets in the
head. Can placodal neurons in the absence of neural
crest, or neural crest derived neurons devoid of a pla-
codal contribution, find their peripheral target cells?
Finally, there is the issue of the molecular mecha-
nisms driving the developmental interactions between
these two neurogenic cell populations. Numerous tran-
scription factors, as well as diffusible and cell contact
dependent signaling molecules are expressed in pla-
codal ectoderm and neurons in various phases of their
embryonic development [17]. An even greater cata-
logue of expression has been generated for neural
crest cells [7]. How this complex expression pattern
regulates the coordinated development of the cranial
nerve ganglia remains a huge area for experimentation.
By combining both a classical ablation approach
with the use of specific molecular markers, Begbie
and Graham [6] have provided insight into the regula-
tion of an important process in peripheral nervous
system development. Now the challenge is to figure
out the cellular and molecular mechanisms driving this
process, and to understand the integration of the
development of placodal and neural crest derived cells.
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Figure 2. Schematic diagram of the positions of migratory
cranial neural crest, epibranchial placodes, and the trigeminal
placodal domain of an early chick embryo, after Noden [23].
At this stage, the migration of the hindbrain neural crest is well-
advanced in the 1st, 2nd, 3rd and 4th branchial arches (blue),
and overlaps with the locations of the epibranchial (VII, IX and
X) and trigeminal (V) placodes (orange). Note that neural crest
does not migrate in the vicinity of the developing otic capsule
(ear). In the experiments of Begbie and Graham [6], either most
of the hindbrain region, or just that of rhombomere 4 (‘4’) was
removed at an earlier stage than depicted here, to test the role
of neural crest in the development of epibranchial placodally
derived ganglia. fb, forebrain; mb, midbrain.
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